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Project Abstract
This project will examine inert matrix fuels containing ZrO2 and MgO as the inert matrix,
with the relative amount of MgO varied from 30 % to 70 % in ZrO2. Reactor physics
calculations will be used to examine suitable quantities of burnable poisons from the
candidate elements Gd, Er, or Hf with reactor grade Pu providing the fissile component,
with up to 10 % of 239Pu. Ceramics will be synthesized and characterized based on the
reactor physics results. The solubility the fuel ceramics, in reactor conditions,
reprocessing conditions, and repository conditions, will be investigated in a manner to
provide thermodynamic data necessary for modeling.
The fuel matrix will be designed based on neutronic properties, repository
behavior, and reprocessing characteristics. The matrix should be as neutron transparent
as possible. Burnable poisons will be used to maintain constant reactivity. The matrix
should also act as a suitable host form for fission products and actinides in a repository
environment. Finally, the matrix should be compatible with reprocessing schemes under
development in the advanced fuel cycle
Work performed in previous quarter (October 2004 to December 2004)
Work was performed on synthesis of ceramics and reactor physics calculation.
The fuel synthesis focused on the conditions and ratios of inert matrix material necessary
for synthesis of a single phase. The reactor physics calculations examined the Pu loading
necessary to achieve industry standard fuel cycle lengths and the matrix composition
effect on Pu loading.
Work performed in current quarter (January 2005 to March 2005)\
Magnesium and zirconium ceramics were produced with erbium and cerium in
the matrix by a refined precipitation method yielding large quantities of ceramics at good
precision. The ceramic ratios were chosen to find the solubility point of the zirconia
matrix. Analysis of the ceramic materials was performed to determine the phase
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structure. Studies on the neutronic properties of the inert fuel matrix were also
performed.
Ceramics Synthesis
Nitrate salts of magnesium, zirconium, cerium, and erbium were dissolved in
deionized water to form four separate solutions. The solutions were standardized to
known concentrations by ICP-AES. For each of the ceramics in Table 1 Gram
composition of ceramics produced. a calculation sheet provided the volume of
standardized solution to produce the fuel pellet in the correct ratio. The four elements
mixed in each solution were all precipitated as insoluble metal hydroxides using
ammonium hydroxide and an oxalate chelator. The hydroxides were filtered and rinsed
using deionized water then collected and dried overnight at 85 oC. Precipitates were
ground in a ball mill and placed into a furnace at 700 oC for 1.75 h, sufficient for reaction
to metal oxides, confirmed by thermogravimetric analysis (TGA) (Error! Reference
source not found.) and X-ray diffraction (XRD). Oxides were massed for pellet pressing
and zinc stearate was added at 1.5% wt./wt. Thorough mixing of the binder and oxide
power was achieved with the ball mill. Green pellets were formed into 1cm by 1cm
cylinders weighing 1.5 to 2.0 grams by pressing the oxide/binder mixture in a custom
pellet die at 135 MPa then sintering in a furnace at 1600oC for 6 hours (Figure 1)
Table 1 Gram composition of ceramics produced.
Sample #
1
2
3
4
5
6
7
8
9

ZrO2
6.739
6.354
5.969
6.161
5.776
5.391
5.584
5.198
4.813

MgO
0.126
0.252
0.378
0.126
0.252
0.378
0.126
0.252
0.378

Er2O3
0.598
0.598
0.598
1.195
1.195
1.195
1.793
1.793
1.793

CeO2
0.538
0.538
0.538
1.076
1.076
1.076
1.614
1.614
1.614

Phase Analysis
Structure and phase analysis was performed on the ceramic utilizing scanning
electron microscopy (SEM) (Figure 2) and XRD with Reidfield analysis. All nine
ceramic SEM images show is little difference between particle sizes, dimensions, and the
single phase character. The x-ray powder diffraction patterns were constructed using a
Phillips instrument. The patterns were matched with Reidfield structure refinement
analysis with silicon as an internal standard. The only phase found through these methods
was cubic stabilized zirconia.
Solubility Studies
Quantities of ceramic pellets suitable for solubility studies have been produced.
Solubility kinetics and high temperature liquid ceramic stability can now move forward.
A pressure vessel capable of steam pressures of 180 bar and 360 oC complete with liquid
sample port and stirring has been tested.
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Figure 1 Completed inert matrix ceramics

Figure 2 4000x SEM image of ceramic samples 1 to 9 left to right top to bottom
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Reactor Physics Calculations
A design of a standard PWR and Pu loadings required for 18-month cycle was
used for these calculations. The aim is to estimate performance of each design and
material to address challenges of Fertile-Free Fuel (FFF) Concept. Finally, an optimal BP
design will be developed and an overall feasibility of FFF concept will be determined.
Basically, the main challenge encountered in neutronic design for a FFF core is to
develop reactivity control system which is capable to satisfy performance and safety
criteria of existing PWR plants.
Heavy Pu loadings combined with absence of fertile isotopes with capture
resonances result in low reactivity worth of existing control mechanisms and inadequate
temperature coefficients. The main solution adopted by several previous design efforts is
based on increased content of burnable poison (BP) materials with capture resonances.
The BP designs proposed and analyzed in previous designs are based on such elements
as: Gd, Hf, and Er, located in fuel cell, either as a homogeneous mixture or as a thin ring
(IFBA-type geometry). This approach results in a large residual reactivity penalty due to
an incomplete burnup of the BP material (especially Hf and Er).
An extensive set of calculations was carried out to assess the potential of the main
BP materials - B, Gd, Hf, and Er, utilized in three main geometrical arrangements: Wet
Annular Burnable Absorber (WABA) type, Integral Fuel Burnable Absorber (IFBA)
type, and Homogeneous fuel-BP mixture. Heavy loadings of BP materials in nonstandard geometries combined with high Pu content in a fertile-free matrix necessitated
additional verification of the calculational tools.
The potential of different BP designs and BP materials to reduce the critical boron
concentration (CBC) of the Pu-FFF core to below the limit of 2000 ppm was assessed.
The considered BP materials (B, Gd, Hf, and Er) were utilized in three geometrical
arrangements: WABA-type, IFBA-type, and Homogeneous fuel-BP mixture. For each of
the BP design options several sub-cases were considered, varied by number of BP rods
per assembly, volume and/or BP material density. For each case, three main performance
parameters of the BP designs were evaluated:
¾ CBC required during the cycle,
¾ Residual reactivity penalty associated with incomplete depletion of the BP
material,
¾ Assembly pin power peaking factors.
The results of calculations, performed in this task, can be summarized as follows:
1. WABA-type
¾ Utilization of all BP materials in WABA-type geometry cannot significantly
reduce the core CBC.
¾ The residual fuel cycle length penalty is minimal because WABA absorbers
are physically removed from the assembly after first out of three irradiation
cycles.
2. IFBA-type
¾ IFBA-type BP designs with Hf and Er can reduce maximum CBC up to 3,000
ppm.
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¾ IFBA-type BP design with Gd, 264 BP rods/assembly may reduce maximum
CBC to 2,400 ppm. Assembly pin-power peak exceeds in this case value of
1.2.
¾ IFBA design alone cannot reduce maximum CBC below 2,000 ppm even if
100% of fuel pins in the core are IFBA pins.
3. Homogeneous fuel-BP
¾ Homogeneous Gd/fuel BP designs are capable of reducing the maximum CBC
to less than 2,000 ppm. It was demonstrated that about 4 kg of Gd per fuel
assembly distributed among 132 or 264 pins results in a relatively low penalty
on fuel cycle length of 8 full power days.
¾ A significant reduction of maximum CBC, below 2,000 ppm, may also be
achieved by utilizing 2 - 3 v/o of Hf or 4 - 6 v/o of Er mixed in 132 or 264 fuel
rods.
¾ However, the major problem with using Hf and Er BP is the large residual
penalty in the range of 40 to 150 full power days per cycle.
¾ The possible solution to this problem is utilization of an enriched Hf or Er
isotopic compositions.
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